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(54) Method for fusion splicing optical fibers and apparatus for heating spliced part by arc 



(57) An object is to provide an optical fiber fusion 
splicing method in which splice loss can be reduced, and 
also to provide an arc-heating unit used for heating the 
fusion spliced part of an optical fiber. The method com- 
prises a process of fusion-splicing together the end fac- 
es of two optical fibers and a process of continuously 
heating the fusion spliced part by arc while moving one 
pair of electrodes provided opposite to each other 
across the fusion spliced part. The arc heating process 
is perfomned with the operation for decreasing arc tem- 
perature. The operation for decreasing arc temperature 
may be achieved by flowing a gas having a molecular 
weight greater than the average molecular weight of air 
into a gas atmosphere In which arc heating is perfonned, 
or by adding a modulation to an electric discharge cur- 
rent such that the maximum value becomes equal to or 
more than an electric current for starting arc discharge 
and the minimum value becomes more than zero and 
less than the electric current for starting arc discharge. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for 
fusion splicing together the end faces of two optical fib- 
ers and an apparatus for heating the spliced part by arc. 

Description of the Background Art 

[0002] For connecting two lengths of optical fibers, 
there are methods such as a fusion splicing method and 
a method in which an optical connector is used. 
[0003] In the fusion splicing method, the end faces of 
two lengths of optical fibers are subjected to pre-f usion 
heating and they are butted together and further heated 
so as to be fusion spliced together. The characteristic of 
fusion splicing is that the splice loss is small compared 
with using an optical connector for connection. 
[0004] The splice loss increases, however, if the 
mode field diameters of the two optical fibers to be fu- 
sion-spliced are different. Therefore, in order to solve 
such problem heat treatment is applied to the vicinity of 
the fusion spliced part after fusion splicing so as to 
cause the element added in this part to diffuse such that 
the mode field diameter changes continuously in the fu- 
sion spliced part, thereby reducing the splice loss. This 
treatment is called Thermally-diffused Expanded Core 
(TEC) treatment. In the TEC treatment, arc is used, 
among several available means such as, micro torch, 
electric heater, and arc, in view of the advantage that 
arc can be used also for fusion splicing In the same 
equipment. 

[0005] The present inventors found that in a case 
where arc was used, the variation of the mode field di- 
ameter in the longitudinal direction of fiber did not be- 
come sufficiently smooth, since the heating width of arc 
was small. Therefore, the present inventors devised an 
optical fiber fusion splicing method in which after fusion- 
splicing two optical fibers, the fusion spliced part was 
subjected to heat treatment by arc with one pair of elec- 
trodes which were provided opposite to each other 
across the fusion spliced part and which were moved at 
least in the longitudinal direction of the fiber. 
[0006] However, the present Inventors further found 
that in the fusion splicing method, at a turn-back point 
of the arc electrodes, the fiber tended to be heated be- 
yond a necessary level and the variation in the mode 
field diameter in the longitudinal direction of fiber did not 
become smooth, thereby causing the radiative loss to 
increase at the turn-back portion and the effect of splice 
loss reduction to be decreased accordingly. 
[0007] There have been cases in which because of a 
limit to freedom In the tennperature control, the portions 
other than such tum-back points were also over-heated 
occasionally, causing the radiative loss to increase in 



such portions and consequently the effect of the splice 
toss reduction to be decreased. Moreover, the thermal 
distortion tended to occur in the vicinity of the fusion- 
spliced part, causing the strength of the fusion-splteed 
5 part to deteriorate. 

[0008] As for the method of lowering arc temperature, 
there is a method, such as disclosed in K. Ohzawa et 
al.: Intemational Wire & Cable Symposium Proceedings 
(1 999) pp. 644-649, in which arc discharge Is perfomned 
10 intermittently. Generally, in a fusion splicing apparatus, 
a high voltage of tens-of kV, which is needed for per- 
forming arc discharge, is obtained using a step-up trans- 
former. In the case of intemnittent arc discharge, how- 
ever, it is difficult to control arc temperature, since the 
15 electric discharge current becomes unstable because 
the transformer must boost the voltage repeatedly in or- 
der tor arc to be generated. As a result, the effect of the 
splice loss reduction is not sufftelent. In the above-men- 
tioned proceedings, the effect of the splice loss reduc- 
tion is about 30 %. Also, the TEC treatment becomes 
complicated in the case of stabilizing electric discharge 
current. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide 
an optical fiber fusion splicing method in which splice 
loss can be reduced, and also to provide an arc-heating 
unit used for heating the fusion spliced part of an optical 
fiber. 

[0010] In order to achieve this object, the optical fiber 
fusion splicing method comprises a process of fusion- 
splicing together the end faces of two optical fibers and 
a process of continuously heating the fusion spliced part 
by arc while moving one pair of electrodes, which are 
provided opposite to each other across the fusion 
spliced part, at least in a longitudinal direction of the fib- 
er. 

[001 1 ] In one embodiment, the operation for decreas- 
ing arc temperature may be achieved by flowing a gas 
having a molecular weight greater than the average mo- 
lecular weight of air into a gas atmosphere in which arc 
heating is performed. In this case, preferably argon gas 
is used as such gas. Also, it is preferable to set the flow 
rate of argon gas In the range of 200 - 800 ml / min. 
[0012] In another embodiment, the operatk>n for de- 
creasing arc temperature may be to add a modulation 
to the electric discharge current such that the maximum 
value becomes equal to or more than an electrk: current 
for starting arc discharge and the minimum value be- 
comes more than zero and less than the electric current 
for starting arc discharge. 

[0013] Here, the electric current for starting arc dis- 
charge is the minimum value of the electric discharge 
current that flows at the time when the dielectric break- 
down occurs between one pair of electrodes. In this 
case, the modulation may be achieved by a square 
wave whose frequency Is In the range of 1 0 Hz-20 MHz. 
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The modulation may be perfomned with a square wave 
whose duty ratio is in the range of 1 % - 90 %. Also, these 
two embodiments may be Implemented in combination. 
[001 4) An arc heating unit of the present invention for 
heating a fusion spliced part of two optical fibers can 
continuously heat the fusion spliced part by arc while 
moving at least in a longitudinal direction of fiber one 
pair of electrodes provided opposite to each other 
across the fusion spliced part of the optical fiber. Arc 
heating can be perfomied by the arc-heating unit in com- 
bination with an operation for decreasing the arc tem- 
perature. 

[001 5] In one embodiment, the operation for decreas- 
ing arc temperature may be to add a modulation to an 
electric discharge cun-ent such that the maximum value 
becomes equal to or more than an electric current for 
starting arc discharge and the minimum value becomes 
more than zero and less than the electric current for 
starting arc discharge. 

[0016] The present invention is further explained be- 
low by referring to the accompanying drawings. The 
drawings are provided solely for the purpose of illustra- 
tion and are not intended to limit the scope of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 7J 

Figure 1 is a diagram of an optical fiber fusion splic- 
ing apparatus. 

Figure 2 is a flow chart showing an example of the 
optical fiber fusion splicing method of the present 
invention. 

Figure 3 is a flow chart showing another example 
of the optical fiber fusion splicing method of the 
present invention. 

Figure 4 is a graph showing the relationship be- 
tween the flow rate of argon gas and the bss In- 
crease. 

Figure 5 is a graph showing the relationship be- 
tween the displacement of the electrodes and the 
optical fiber in an Y-axis direction and the loss in- 
crease. 

Figure 6 is a block diagram showing the composi- 
tion of an electric discharge cunrent control circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] Embodiments of the present invention are ex- 
plained below by referring to the accompanying draw- 
ings. In the drawings, the same number bears the same 
sign to avoid duplicate explanation. The ratios of the di- 
mensions in the drawings do not necessarily coincide 
with the explanation. 

[0019] First, an explanation is given about an optical 
fiber fusion splicing apparatus with which the optical fib- 
er fusion splicing method of the present invention is im- 



plemented. Figure 1 is a diagram of an optical fiber fu- 
sion splicing apparatus 1 including an arc heating unit 
of the present invention for the optical fiber fusion 
spliced part. 

5 [0020] The optical fiber fusion splicing apparatus 1 
comprises a holding part 11 for holding an optical fiber 
A on one side, a holding part 12 for holding an optical 
fiber B on the other side, one pair of electrodes 13 and 
14, an electrode earner 15 for moving the electrode 13, 

10 and an electrode earner 1 6 for moving the electrode 1 4, 
all of which are provided in a housing 1 0. Also, the hous- 
ing 10 has a gas supply inlet 1 0a for supplying thereinto 
argon (Ar) gas (molecular weight 39.95) as a gas whose 
molecular weight is greater than the average molecular 

15 weight (29.0) of air. and a gas exhaust outlet 10b for 
discharging inner gas to outside. Here, for the purpose 
of explanation, a rectangular coordinate system (X, Y, 
and Z) is assumed as shown in Fig. 1 . Axis Z is parallel 
to the optical axis of each of the optical fibers A and B. 

20 Axis X is parallel to the surface of the paper including 
Fig. 1 and perpendicular to the optical axis of each of 
the optical fibers A and B. Axis Y is perpendicular to the 
surface of the paper and to the optical axis of each of 
the optical fibers A and B. 

25 [0021] Next, the composition of an electric discharge 
current control circuit contained in the arc-heating unit 
is explained in reference to Fig. 6. The electric discharge 
current control circuit has a power supply 20, a switching 
part21, atransfonner22, an oscillation part 23, an elec- 

30 trie cun^ent detecting part 30. a resistance part 33, and 
a control unit 35. 

[0022] The oscillation part 23 that is controlled by the 
control unit 35 generates pulse signals. The pulse sig- 
nals are input to the base temiinals of switching transis- 

35 tors 24 and 25 in the switching part 21 alternately. When 
the switching transistor 24 turns an electric current on 
according to the pulse signal at one part of the primary 
winding divided by the center tap. the switching transis- 
tor 25 turns off an electric current to the other one part. 

40 [0023] The on-off operations are repeated according 
to the pulse signals output from the oscillation part 23, 
and consequently, AC voltage is supplied to the primary 
side of the transformer 22. This AC voltage is boosted 
by the transformer 22. The boosted AC voltage is sup- 

45 plied to the electrodes 13 and 14 through a condenser 
28. Also, a capacitance element 29 is achieved at the 
floating capacity of the transformer 22. 
[0024] The electric current detecting part 30, which is 
inserted between the grounded terminal of the second- 

50 ary side temiinals of the transfonner 22 and the elec- 
trode 1 4 (the electrode on theside in which the condens- 
er 28 is not connected), detects the electric current 
which flows through the electrodes 13 and 14. The re- 
sistance part 33 is inserted between the electric current 

55 detecting part 30 and the electrode 14. 

[0025] The control unit 35 has a signal generator 36 
for generating modulating voltage. The modulating volt- 
age generated by the signal generator 36 is output into 
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the oscillation part 23 and the resistance part 33. The 
signal generator 36 controls eiectric discharge current 
by the adjustment of impedance in the resistance part 
33 according to the electric discharge current detected 
at the eiectric cun^ent detecting part 30. At the same 5 
time, it adds to the oscillation part the modulating volt- 
age as a variable resistance lor electric current adjust- 
ment. Thus, the control unit 36 (the signal generator 36) 
controls the frequency or pulse width of the drive pulse 
of pulse width modulation type that is output from the 
oscillation part 23 and the resistance value of the resist- 
ance part 33 so as to generate an electric discharge cur- 
rent having desired values, that is, two steps of electric 
discharge currents: an electric discharge current having 
a value equal to or more than the electric current for 
starting arc discharge and an electric discharge cun'ent 
having a value that Is more than zero and that is less 
than the electric current for starting arc discharge. 
[0026] Next, an explanation is given based on Fig. 2 
about the optical fiber fusion splicing method which uses 
the above-mentioned optical fiber fusion splicing appa- 
ratus 1 . Figure 2 is a flow chart explaining the optical 
fiber fusion splicing method according to the present 
embodiment. 

[0027] First, a part of each coating of optical fibers A 
and B is removed (Step S11), and the tip of the part of 
the fiber where coating is removed Is mirror-cut (Step 
812). Then, the optical fiber A Is held at holding part 1 1 , 
and the optical fiber B is held at the holding part 1 2 (Step 
S1 3). At this time, the optical fiber A and B are arranged 
in a manner In which their mirror-cut end faces are 
placed opposite to each other, and their positions are 
adjusted so that their optical axes coincide. 
[0028] Subsequently, the optical fibers A and B are 
fusion-spliced (Step SI 4). At this time, the vicinity of the 
end faces of optical fibers A and B are melted by arc 
heating with one pair of electrodes 13 and 14, and the 
end faces are pushed to each other by holding parts 11 
and 12 so as to be fusion-spliced. Thus, the optical fibers 
A and B are fusion-spliced. 

[0029] Subsequently, the fusion-spliced part is heated 
by arc (Step SI 5: arc-heating process). At this time, 
modulation is added to the electric discharge cun'ent 
such that the maximum value becomes equal to or more 
than the electric current for starting arc discharge and 
the minimum value becomes the value which Is more 
than zero and less than the electric current for starting 
arc discharge. Also, argon gas is supplied into the hous- 
ing 1 0 from the gas supply inlet 1 0a so that the inside 
of the housing 1 0 becomes an argon gas atmosphere. 
Then, one pair of electrodes 13 and 14 heats the fusion 
spliced part by arc while they are moved by electrode 
carriers 1 5 and 1 6 at least in a direction which is parallel 
to the Z-axis. The electrodes 13 and 14 may also be 
moved by the electrode carriers 15 and 1 6 in a direction 
parallel to the Y>axis. In this case, it is possible to deter- 
mine the pattern of movement (heating time at each po> 
sition) of the electrodes 13 and 14. and the electric cur- 



rent (heating power) to be supplied to the electrodes 13 
and 14, based on a predetermined diffusion coefficient 
of each added element of the optical fibers A and B. 
[0030] Preferably, the above-mentioned modulation 
in the arc heating process is performed by means of a 
square wave having a frequency in the range of 1 0 Hz- 
20 MHz. This makes it possible to easily modulate an 
electric discharge current so as to have the maximum 
value equal to or more than the electric current for start- 
ing arc discharge and the minimum value which is more 
than zero and less than the electric current for starting 
arc discharge. 

[0031] Also, it is preferable to perform modulation in 
the above-mentioned arc heating process by a square 
wave and to set the duty ratio of the square wave in the 
range of 1% - 90 %. Setting the duty ratio of the square 
wave to less than 1 % causes the electric discharge cur- 
rent to remain small, which may generate unstable arc 
or may result in failure to generate arc. Setting the duty 
ratio of the square wave to more than 90 % causes the 
arc temperature to become excessively high. Therefore, 
by setting the duty ratio of the square wave in the range 
of 1% - 90 % it is posstole to achieve a more stable arc 
and to secure appropriate arc temperature. Here, the 
duty ratio is expressed by a fomnula: H / (L+H) x 100 
(%), where H is time in which the electric discharge cur- 
rent is equal to or more than the electric current for start- 
ing arc discharge, and L is time in which the electric dis- 
charge current is more than zero and less than the elec- 
tric current for starting arc discharge. 
[0032] In the optical fiber fusion splicing apparatus 1 , 
one pair of the electrodes 1 3 and 1 4 is used in both the 
fusion splicing process and the arc heating process. 
However, different electrodes may be used for the fusion 
splicing process and the arc heating process, respec- 
tively. When the same electrodes are used in both the 
fusion splicing process and the arc heating process, the 
electric discharge current must be controlled such that 
the electric discharge current in the arc heating process 
is set to a tow value as compared with the case of the 
fusion splicing process, for example, about a level of 
trigger electric current that causes dielectric breakdown . 
If arc heating Is performed by an electric discharge cur- 
rent for performing fusion splicing, the heating temper- 
ature of the optical fibers A and B becomes excessively 
high because of over Intensive arc power. 
[0033] In the optical fiber fusion splicing method ac- 
cording to the present embodiment, arc heating is per- 
formed in Step S15 with one pair of electrodes 13 and 
14 in an argon gas atmosphere. However, other gases 
other than argon may be used, for example, CO2 (mo- 
lecular weight 44.01) or O2 (molecular weight 32.0) and 
so on, provided that the gas has a molecular weight 
which is greater than the average molecular weight of 
air, and does not have an adverse effect on the optical 
fiber glass. Thus, it is possible to reduce the temperature 
caused by arc and level off the temperature distribution 
of an optk:al fiber in the longitudinal direction In the vi- 
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cinity of the fusion spliced part. The reason for this Is 
likely due to the decrease of the velocity of molecular 
movement in the plasma caused by arc discharge when 
arc discharge is performed in a gas atmosphere whose 
molecular weight is greater than the average molecular 
weight of air as compared with the case rn which arc 
discharge is perfonmed in air. As a result, the mode field 
diameter distribution can be made smoother in the lon- 
gitudinal direction of fiber, allowing the splice loss to be- 
come significantly small. 

[0034] Also, in the arc heating process (Step S1 5). the 
fusion spliced part is heated at a lower temperature than 
at the time of the fusion splicing, since the temperature 
due to arc is reduced. Accordingly, the thermal distortion 
caused at the fusion-spliced part at the time of fusion 
splicing can be removed, and the breaking strength of 
the fusion-spliced part can be improved. 
[0035] Also, In the present embodiment, the arc tem- 
perature is decreased since modulation can be applied 
to the electric discharge current in the arc heating proc- 
ess (Step SI 5) such that the maximum value becomes 
equal to or more than the electric current for starting arc 
discharge and the minimum value becomes more than 
zero and less than the electric current for starting arc 
discharge. Therefore, the fusion spliced part is not heat- 
ed beyond a level of necessity, and the variation of mode 
field diameter in the fusion spliced part can be 
smoothed, which can reduce the splicing loss substan- 
tially. Also, the thermal distortion near the fusion spliced 
part can be eliminated, which can prevent the deterio- 
ration of strength at the fusion spliced part. 
[0036] Also, the arc temperature can be suitably con- 
trolled since the minimum value of the electric discharge 
current becomes more than zero and less than the elec- 
tric current for starting arc discharge, allowing the elec- 
tric discharge current to be stable. As a result, it is pos- 
sible to restrain the effect of the decrease of splice loss 
reduction. Also, the stabilization of the electric discharge 
current can be achieved with a simple composition be- 
cause it is unnecessary to provide the mechanism for 
compensating arc power. 

[0037] As shown in Fig. 3, an arc heating process may 
be provided before a fusion splicing process, despite the 
arc heating process being provided after the fusion 
splicing process in the above explanation. Figure 3 is a 
flow chart explaining an optical fiber fusion spltoing 
method according to another embodiment. 
[0038] In the optical fiber fusion splicing method 
shown in Fig. 3, the coating of each of the optical fibers 
A and B is removed (Step S21), and then the part to 
become the fusion spliced part upon fusion splicing of 
each of the optical fibers A and B is heated by arc (Step 
S22: arc heating process). In this case, arc heating is 
also performed with one pair of the electrodes 13 and 
14, which is moved, in an argon gas atmosphere. In this 
case, it is possible to determine the pattern of the move- 
ment (heating time in each position) of one pair of the 
electrodes 13 and 14 and the electric cun^ent (heating 



amount) to be supplied to one pair of the electrodes 13 
and 14, based on a predetermined diffusion coefficient 
of the added element of the optical fibers A and B. 
[0039] After the arc heating, each of the optical fibers 
5 A and B is mirror-cut at the heated part where the coat- 
ing has been removed (Step S23). Then, the opticalfiber 
A is held at the holding part 11 , and the optical fiber B 
is held at the holding part 1 2 (Step S24), and the optical 
fibers A and Bare fusion-spliced (Step S26: fusion splic- 
^0 ing process). After that, the fusion spliced part may be 
heated at low temperature so as to remove the thennal 
distortion of the fusion spliced part while moving one pair 
of the electrodes 13 and 14 in a direction of either the 
Y-axis or the Z-axis. 

15 [0040] In this way, also, the temperature by arc in the 
arc heating process is reduced, and the temperature 
distribution of each of the optical fibers A and B can be 
leveled off in the longitudinal direction at the vicinity of 
the part to be lusion-spllced. Consequently, this allows 

20 the mode field diameter distribution of the fiber in the 
longitudinal direction to be made smoother and the 
splice loss to be made significantly smalL 
[0041] Several kinds of experiments were perfomried 
with respect to the optical fiber fusion splicing method 

^5 of the present invention in order to confirm the effect of 
the splice loss reduction obtained by performing arc 
heating of the fusion spliced part by one pair of the elec- 
trodes in a gas atmosphere whose molecular weight is 
greater than the average molecular weight of air. In 

30 these experiments, the optical fiber fusion splicing ap- 
paratus 1 having the above-mentioned composition was 
used, and the interval between one pair of the elec- 
trodes 1 3 and 1 4 was set to 3 mm . The flow rate of argon 
gas was controlled with a mass flow controller. A pure 

35 silica core optical fiber having a mode field diameter of 
12 nm, which is greater than a usual single mode fiber, 
was used as the optical fiber A, and a dispersion com- 
pensating fiber having a mode field diameter of 5 ^im or 
less was used as the optical fiber B. 

40 [0042] The experiment was conducted in a manner in 
which the control of electric discharge current was per- 
fonned using a resistance device and the electric dis- 
charge current was controlled In the range of 13 - 36 
mA. The electric discharge current was measured using 

45 an electric cun^ent probe (P6021 type by Sony Tektronix 
Corp.) for an electrode on the low-tension side. The re- 
liability of the electric discharge current was evaluated 
as a preliminary experiment. The results of the prelimi- 
nary experiment confimied that although it was impos- 

50 sible to completely suppress the leak electric current 
flowing through the Insulator surface, the teak electrk; 
current was suppressed to a small stable cunrent, that 
is, the minimum value of the electric discharge current 
was 13.010.02 mA and the maximum electrk: current 

55 was 33.3+0.041 mA. The splice loss was measured by 
inputting light of a 1 .5 ^m wavelength to one end of the 
optical fiber on the side where the mode field diameter 
was larger and using a power meter connected to the 
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other end of the fiber. 

[0043] An evaluation of the occurrence of the diffusion 
of the added element can be made by measuring a 
mode field diameter at each end face cut after healing 
each of the optical fibers A and B by arc. In other words, 
the variation of the mode field diameter can be exam- 
ined by repeating the measurement of the mode field 
diameter while polishing 0.1 mm each time at the end 
portion of the optical fiber including the measured part 
to which a connector is attached. It is also possible to 
confirm the diffusion of the added elements by examin- 
ing the distribution of the elements directly, using an 
electron probe micro analyzer before and after arc heat- 
ing, at the cut end face of each of the optical fibers A 
and B. 

[0044] First, an experiment was conducted to conf imn 
the effect of an arc temperature reduction by^argon gas. 
Arc discharge was performed while the flow rate of ar- 
gon gas was changed in the range of 0 - 1000 m) / min. 
The electric discharge current was 13.1 mA, which was 
a minimum electric current. 

[0045] It was confimned by visual observation that the 
beam width of the arc expanded in the case of 200 < 800 
ml / min. as compared with the case of 0 ml /min., which 
corresponds to air. Also, it was confirmed that no arc 
discharge occurred at 1 000 ml/ min. or more. Moreover, 
the electric discharge current was confirmed to be near- 
ly constant regardless of the flow rate of argon gas. 
[0046] Subsequently, an experiment was perfomned 
to confirm the variation in the loss increase of the optical 
fiber B with respect to arc discharge in which the flow 
rate of argon gas was changed. The fiber used in the 
experiment was the optical fiber B that easily increases 
the mode field diameter when it Is heated, and hence 
the loss tends to Increase. The experiment was conduct- 
ed In a manner wherein arc heating was perfomned in a 
state in which 10 plus several mm of the coating of the 
optical fiber B was removed and such removed part was 
held at the holding part 12 so as to be positioned at the 
center between the holding parts 11 and 1 2. At this time, 
arc heating was conducted in the range of 5 mm in a 
direction parallel to the Z-axis while the stroke speed of 
one pair of the electrodes 13 and 14 in a direction par- 
allel to the Z-axis was altered in the range of 250 - 2000 
fxm/s. The results are shown in Fig. 4. As can be seen 
from Fig. 4, the loss increase Is reduced with the in- 
crease of the flow rate of argon gas. 
[0047] Next, an experiment was performed by shifting 
the position of the central axis of one pair of the elec- 
trodes 13 and 14 in the Y-axis direction to confirm the 
variation in the loss increase on the assumption that the 
variation In the loss Increase shown in Fig. 4 was caused 
by the displacement of an arc beam and the optical fiber 
B in the Y-axis direction. Such assumption was made 
based on the occasional occurrence of the displace- 
ment of the arc position due to dirt of one pair of the 
electrodes 13 and 14 in a direction parallel to the Y-axis 
when arc discharge was done a plurality of times. Arc 



heating was performed while the position of one pair of 
the electrodes 13 and 14 was shifted in the range of ±0.1 
mm in a direction parallel to the Y-axis relative to the 
position of the electrodes that was set as 0 when the 

5 position of one pair of electrodes 13 and 14 was at the 
same height as the optical fiber B. The results are shown 
in Fig. 5. As can be seen from Fig. 5, the variation in the 
loss increase due to the displacement of the optical fiber 
B and one pair of the electrodes 1 3 and 1 4 in the Y-axis 

10 direction decreases as the flow rate of argon gas in- 
creases in the cases where the flow rate of argon gas 
was In the range of 200 - 800 ml / min. 
[0048] In the following, an explanation is given about 
the results of the experiments conducted with respect 

15 to Examples 1 and 2 according to the present Invention, 
and Comparative Examples 1 and 2, which were made 
for the purpose of comparison with the examples of the 
present invention. 

[0049] In these experiments, the optical fiber fusion 
20 splicing apparatus 1 was used, and the interval between 
the electrodes 1 3 and 14 was set to 3 mm. Also, a pure 
silica core optical fiber having a mode field diameter of 
12 }im, which was larger compared with a usual single 
mode fiber, was used as optical fiber A, and a dispersion 
25 compensating fiber having a mode field diameter of 6 
^m or less was used as optical fiber B. 

(Example 1) 

30 [0050] The optical fibers A and B were fusion-spliced, 
and arc heating was perfonned in an argon gas atmos- 
phere. The electric discharge current was set to 13.1 
mA, which was a minimum electric current. Arc heating 
was perfomned in the range of ±5 mm of the fusion- 
35 spliced point of the optical fibers A and B In the Z-axis 
direction. The flow rate of argon gas in this case was 
500 ml / min. The splice loss measured after fusion splic- 
ing was 1 .35 ± 0.02 dB. On the other hand, the splice 
loss measured after arc heating was 0.2 ± 0.05 dB. 

40 

(Comparative Example 1) 

[0051 ] The optical fibers A and B were fusion-spliced, 
and arc heating was performed in an air atmosphere. 

45 The electric discharge current was set to 13.1 mA, which 
was a minimum electric current. Arc heating was per- 
formed in the range of ±5 mm of the fusion-spliced point 
of the optical fibers A and B in the Z-axis direction. The 
splice loss measured after fusion splicing was 1 .36 ± 

50 0.02 dB. On the other hand, the splice loss measured 
after arc heating was 0.6 ± 0.12 dB. 
[0052] As described above, it was confirmed that the 
splice loss was significantly reduced and the variation 
was also suppressed in Example 1 as compared with 

55 Comparative Example 1 , since the splice loss after arc 
heating was 0.2 ± 0.05 dB in Example 1 and the splice 
loss after arc heating was 0.6 ± 0.12 dB In Comparative 
Example 1 . 
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(Example 2) 

[0053] The optical fibers A and B were fusion-spliced, 
and arc heating was perfomned in an air atmosphere. 
The electric discharge current was alternately changed 5 
to 1 3. 1 mA and 6 mA while arc heating was performed. 3. 
The splice loss measured after fusion splicing was 1 .35 
± 0.02 dB. On the other hand, the splice loss measured 
after arc heating was 0.2 dB. The tensile breaking 4. 
strength measured at n=20 was 4.3 kg on the average. io 

(Comparative Example 2) 

5. 

[0054] The optical fibers A and B were fusion-spliced, 
and arc heating was perfomied in an air atmosphere, is 
The electric discharge current was set to vary In the 
range of 13 mA to 33 mA while arc heating was per- 
formed. The splice loss measured after fusion splicing 
was 1 .35 ± 0.02 dB. On the other hand, the splice loss 
measured after arc heating was 2.2 dB at an electric dis- 
charge current of 20 mA. Also, the splice loss tended to 
decrease and the width of the arc pillar tended to de- 
crease as the electric discharge current decreased. Arc 
discharge was not stable at 13 mA or less. The tensile 
breaking strength measured at n=20 was 0.8 kg on the 25 
average. 

[0055] As described above, in Example 2, the splice 
loss after arc heating was 0.2 dB, which was significantly 
reduced as compared with the splice loss of 2.2 dB after 
arc heating in Comparative Example 2. Also, It was con- 30 
finned in Example 2thatthe loss could be reduced about 
85 % as compared with the splice loss of 1 .35 dB meas- 
ured before arc heating. The tensile breaking strength 
after arc heating became 4.3 kg on the average in Ex- 
ample 2. and hence heightened strength of the fusion 35 
spliced part was confimned as compared with the aver- 
age tensile breaking strength of 0.8 kg after arc heating 
in Comparative Example 2. 



Claims 

1 . An optical fiber fusion splk:ing method, comprising: 

a process of fuslon-splteing together the end 
faces of two optical fibers; and 
a process of arc-heating the fusion spliced part 
continuously with one pair of electrodes while 
moving said one pair of electrodes at least in a 
longitudinal direction of the fiber, said one pair 
of electrodes being provided opposite to each 
other across the fusion spliced part, and 
said process of arc-heating being performed 
with an operation for decreasing arc tempera- 
ture. 55 

2. An optical fiber fusion splicing method as set forth 
in claim 1 , wherein said operation for decreasing arc 



40 9. 



43 



50 



temperature is achieved by flowing a gas having a 
molecular weight greater than the average molec- 
ular weight of air into a gas atmosphere in which arc 
heating is performed. 

An optical fiber fusion splicing method as set forth 
in claim 2, wherein argon gas is used as said gas. 

An optical fiber fusion splicing method as set forth 
in claim 3, wherein the flow rate of said argon gas 
is set in the range of 200 - 800 ml / min. 

An optical fiber fusion splicing method as set forth 
in claim 1 or 2, wherein said operation for decreas- 
ing arc temperature is to add a modulation to the 
electric discharge current such that the maximum 
value becomes equal to or more than an electric 
current for starting arc discharge and the minimum 
value becomes more than zero and less than the 
electric current for starting arc discharge. 

An optical fiber fusion splicing method as set forth 
in claim 5, wherein said modulation is achieved by 
a square wave whose frequency is in the range of 
10 Hz to 20 MHz. 

An optical fiber fusion splicing method as set forth 
in claim 6, wherein said modulation is made with a 
square wave whose duty ratio is in the range of 1% 

- 90 %. 

An arc heating unit for continuously arc-heating a 
fusion spliced part of two optical fibers while moving 
at least in a longitudinal direction of said fibers one 
pair of electrodes provided opposite to each other 
across said fusion spliced part, said arc heating be- 
ing performed with an operation for decreasing arc 
temperature. 

An arc heating unit for arc-heating a fusion spliced 
part of an optical fiber as set forth In claim 8, wherein 
said operation for decreasing arc temperature is to 
add a modulation to an electric discharge current 
such that the maximum value becomes equal to or 
more than an electric current for starting arc dis- 
charge and the minimum value becomes more than 
zero and less than the electric current for starting 
arc discharge. 



7 



BNSOOQD: <EP 126084QA2J_> 



EP 1 260 840 A2 




BIMSDOCID: <EP 12e0840A2J_> 



8 



EP 1 260 840 A2 



FIG. 2 



^Commencement*^^ 



Removing a coating of an optical fiber 



] — 



1 



Cutting the optical fiber 



h"S12 



Holding the optical fiber at a holding part 



r 



]~S13 



Fusion splicing 






f 


Heating by axe at the spliced part 1 


\ 


f 



c 



End 



S14 



S15 



BNSDOCID: <EP 126084QA2LL> 



EP 1 260 840 A2 



FIG. 3 



Commencement 



r 







f 


Heating the bare part of the optical fiber L 


\ 





I — ^321 



[ 



I S22 



Cuttine die optical fiber at the heated portion 



\ 




Holding the optical fiber at a holding part 


\ 


f 


Fusion splicing 




f 



h-S23 



S24 



S25 



C 



End 



BNSDOCID: <EP 1260840A2J_> 



10 



EP 1 260 840 A2 



d 




s 



o 



LfOSS increase (dB) 



11 



BNSOOCID: <EP_ 



_12e084aA2J_> 



EP 1 260 840 A2 




EP 1 260 840 A2 




13 

BNS0OCID:<EP 1260840A2 I > 



THIS PAGE BLANK 



(USPTO) 



(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 260 840 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

20.1 0.2004 Bu lletin 2004/43 

(43) Date of publication A2: 

27.11.2002 Bulletin 2002/48 

(21) Application number: 02010227.3 

(22) Date of filing: 16.05.2002 



(51) intci7: G02B 6/255. G02B6/38 



(84) Designated Contracting States: 


• Nakamura, Motonori, Yokohama Works 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Yokohama-shi, Kanagawa (JP) 


MC NL PTSETR 


• Sano, Tomomi, Yokohama Works 


Designated Extension States: 


Yokohama-shI, Kanagawa (JP) 


AL LT LV MK RO SI 


• Morlya, Tomomi, Yokohama Works 




Yokohama-shi, Kanagawa (JP) 


(30) Priority: 22.05.2001 JP 2001152766 


• Kayou, Shinji, Yokohama Works 


20.09.2001 JP 2001287472 


Yokohama-shi, Kanagawa (JP) 


(71) Applicant: Sumitomo Electric Industries, Ltd. 


(74) Representative: HOFFAAANN - EITLE 


Osaka-Shi, Osaka 541-0041 (JP) 


Patent- und Rechtsanwalte 




Arabellastrasse 4 


(72) Inventors: 


81925 Miinchen (DE) 


• Kasuu, Osamu, Yokohama Works 


Yokohama-Shi, Kanagawa (JP) 





CO 

< 

o 

00 

o 

(O 
CM 



a. 

lU 



(54) Method for fusion splicing optical fibers and apparatus for heating spliced part by arc 



(57) An object is to provide an optical fiber fusion 
splicing method In which splice loss can be reduced, and 
also to provide an arc-heating unit used for heating the 
fusion spliced part of an optical fiber. The method com- 
prises a process of fusion-splicing together the end fac- 
es of two optical fibers and a process of continuously 
heating the fusion spliced part by arc while moving one 
pair of electrodes provided opposite to each other 
across the fusion spliced part. The arc heating process 
is perfomied with the operation for decreasing arc tem- 
perature. The operation for decreasing arc temperature 
may be achieved by flowing a gas having a molecular 
weight greater than the average molecular weight of air 
into a gas atmosphere in which arc heating is performed, 
or by adding a modulation to an electric discharge cur- 
rent such that the maximum value becomes equal to or 
more than an electric current for starting arc discharge 
and the minimum value becomes more than zero and 
less than the electric current for starting arc discharge. 



FIG. 2 



^JoromeDcemeDt 







Removing a coating of an optica! fiber | 






Cutting the optical fiber 






Hoiding tbe optica] fiber at a holding part 






Fusion 


SpliciDg 






Heating by are at tfaa spliced part 







1 — S11 



I — S12 



814 



^ End ^ 



Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID: <EP. 



J2G084QA3_L> 



EP 1 260 840 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP G2 01 0227 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with inc^catron, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (InLCl.T) 



PATENT ABSTRACTS OF JAPAN 

vol. 20OD, no- 07, 

29 September 2000 (2000-09-29) 

-& JP 2000 098171 A (FUJIKURA LTD), 

7 April 2000 (2000-04-07) 

* abstract * 

US 5 288 301 A (ROWE CHRISTOPHER J 
22 February 1994 (1994-02-22) 

* column 2, line 11 - line 29 * 



ET AL) 



EP 0 895 103 A (NAUCHNY TS VOLOKONNOl 
OPTIKI P) 3 February 1999 (1999-02-03) 
* paragraph [0041] - paragraph [©045]; 
figure 2 * 



DE 196 43 661 A (SIEMENS AG) 
23 April 1998 (1998-04-23) 
* column 7; figures 2-4 * 



US 4 329 560 A (TANUMA KINJI) 

11 May 1982 (1982-05-11) 

* column 4, line 47 - column 5, line 19 * 



EP 1 235 085 A (SUMITOMO ELECTRIC 
INDUSTRIES) 28 August 2002 (2002-08-28) 
* paragraph [0016] - paragraph [0018]; 
figure 1 * 



1.8 



2,3 
2.3 



1,8 



5-7,9 



5-7.9 



1-3 



60286/255 
G02B6/38 



TECHNICAL FIELDS 
SEARCHED Pnt.CI.7> 



G02B 



The present search report has been cfrawn up for aflotaiFns 



Race of search 

Berlin 



Dale d cotrptetion of th« eeaicfi 

27 August 2004 



Examner 

von Moers. F 



3 
a 



s 

g 



CATEGORY OF CITED DOCUMENTS 

y : parlicularty relevant if Xeiten alone 

Y : parliculajiy relevarvt it combined wAh another 

documem of ttie aame category 
A : teehnologicsU background 
O : non-written dtsdosure 
P : interme d iate document 



T : theory or princ^ underlyms the inwntion 
E : earlier p^Mil document, but pubfetwd on, c 

aflerthe tiling dale 
D : document cifced in the appBcatlon 
L : document citedfor other reasons 



& : member of the same paMfarniiy, corresponcSng 
dooumeirt 



2 



BNSDOCIDc <EP 12eOB40A3J_> 



EP 1 260 840 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 01 0227 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on r~ f^.*. 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of Information. 

27-08-2004 



Potent document 
died tn search report 


Publication 
date 


Patent family 
member(s) 


Publloation 
date 


JP 2080098171 


A 




NONE 






US 5288301 


A 


^£-0^-1994 


AU 


631251 B2 


19-11-1992 








AU 


6338090 A 


08-04-1991 








CA 




02-03-1991 








EP 












WO 




21-03-1991 








JP 




12-08-1993 








US 




30-08-1994 


EP 0895103 


A 


03-02-1999 


RU 


2104568 CI 


10-02-1998 








PI) 




10-06-1998 








RU 


C 1 XC./ \,± 










AU 


707445 82 


08-07-1999 








AU 


4404897 A 


17-07-1998 












22-07-1999 








EP 


VV^JXV*? r\X 










JP 




11-05-1999 








JP 


3325901 B2 


17-09-2002 








US 


6125225 A 


26-09-2000 








CA 


2242842 Al 


02-07-1998 








CM 


1212056 A .B 


24-03-199Q 








ES 


2133251 Tl 


16-09-1999 








JP 


2001348241 A 


18-12-2001 








WO 


9828643 Al 


02-07-1998 


DE 19643661 


A 


23-04-1998 


DE 


19643661 Al 


23-04-1998 








WO 


9818032 Al 


30-04-1998 








DE 


59709062 DI 


06-02-2003 








EP 


0934542 Al 


11-08-1999 








JP 


2001502814 T 


27-02-2001 








US 


6370919 81 . 


16-04-2002 


US 4329560 


A 


11-05-1982 


JP 


1187003 C 


20-01-1984 








JP 


55158883 A 


10-12-1980 








JP 


58017712 B 


08-04-1983 


EP 1235085 


A 


28-08-2002 


JP 


2002250836 A 


06-09-2002 








AU 


1542102 A 


14-11-2002 








EP 


1235085 A2 


28-08-2002 








US 


2002157424 Al 


31-10-2002 





For more details about this annex : see Official Journal of the European P^ent Office, No. 12/82 



1260B4QA3_L> 



(USPTO) 



